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Supplementary Figure 1



Supplementary Figure 1. Correlation of pluripotent cell lines at various time
points of differentiation to natural heart development roadmap. A. Correlation
between three time points, day 0 (dO), d5 and d11 for each of the pluripotent cells (R1-
ESC, R1; 3F-iPSC, 3F; 4F-iPSC, 4F) and stages of cardiac development (from
embryonic day (E)7.5 to the adult). B. Pearson’s correlation matrix used to generate
panel A. C. Hierarchical clustering heatmap based on the Pearson’s correlations
between all samples. Gene expression for triplicate samples was averaged for the
calculation of Pearson’s correlation. Red color represents high correlation and green

color is low correlation.
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Supplementary Figure 2

Supplementary Figure 2. Stem cells with differential cardiogenic profile cluster
independently according to overall expressome. Unsupervised hierarchical
clustering of pluripotent cells and their progeny based on complete gene expression
profile. Separation of 4F-iPS in independent branches is apparent for day 5 and 11 of

differentiation, while 3F-iPS and R1 ESC cluster together across the studied time frame.
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Supplementary Figure 3

Supplementary Figure 3. Biological functions wunderlying disruption of
cardiogenicity across differentiation stages. Cardiogenic proficient (3F-iPS) and
impaired (4F-iPS) cell progeny were compared at day 5 (A,B) and day 11 (C,D) of
differentiation. Significant biological functions prioritized according to gene ontology
analysis resulted in an increasing number of disrupted pathways responsible for the

observed differences in phenotype. Red bar marks statistical significance p-value= 0.05.
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Supplementary Figure 4

Supplementary Figure 4. Expression profile unique to non-cardiogenic 4F-iPS
according to microarray platform. Bioinformatic analysis of microarray data reveals a
panel of 7 genes downregulated in 4F-iPS compared to 3F-iPS and R1-ESCs (A) as
well as 14 genes showing higher expression values in 4F-iPS relative to 3F and ESCs.
Those genes were used to create a predictive panel for downstream cardiogenicity of

reprogrammed lines.
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Supplementary Figure 5

Supplementary Figure 5. Correlation between pluripotent samples and heart
development roadmap based on 23 genes uniquely regulated in low-cardiogenic
4F-iPSC. A. Correlation between R1-ESC (R1), 3F-iPSC (3F) and 4F-iPSC (4F) at day
0 (dO) and each of the embryonic stages included in the roadmap (E7.5 through adult)
as resulting from Pearson’s correlation analysis. B. Heatmap representing correlation
between all the samples in both datasets. C. Pearson’s correlation matrix with values
used in panel A. Red color represents high correlation and green color is low

correlation.



A gRT-PCR positive markers B gRT-PCR negative markers

18 1000

al ER1 e B
Y mamesc - B 3F-iPSC

12 Laripsc 100 — — |~ maFipsc HEE

10

Relative expression (AU)
Relative expression, log (AU)

Eif2s3y Fgfs  Igfp3 Khi13  Krt18  Krt8  Ldhc

| X —eliminated from list ‘

C row min I T row max

TTT =SS

STTTTT
OLLLLLL proheSetlD  UniGene.ID Gene.Symbol
1416242_at Mm.224306 KIhl13
1435989 _x_at Mm.358618 Krt8
1448169_at Mm.22479 Krtl8
1418191 at Mm.326911 Uspl8
1418580_at Mm.475107 Rtp4
1419728 _at Mm.4660  Cxcl5
1423555_a_at Mm.30756 Ifi44
1438148_at Mm.244289 Cxcl3
1448291_at  Mm.4406 Mmp9
1449025_at  Mm.426079 Ifit3
1450783_at  Mm.439751 Ifitl
1451567_a_at Mm.472787 Ifi203

Negative markers Positive markers

Supplementary Figure 6

Supplementary Figure 6. PCR validation of predictive genes. Expression profile
based on gRT-PCR for 7 positive markers (A) and 14 negative markers (B). Red X
marks genes that do not fulfill expression criteria based on PCR results. Expression
matrix through natural cardiac development for the resulting 12 gene-panel differentially

expressed in non-cardiogenic cells.
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Supplementary Figure 7

Supplementary Figure 7. Relative expression levels of mesendoderm marker
Cxcrd in assayed reprogrammed lines at gastrulation stage. Relative expression
values for mesendoderm (Cxcr4), endoderm (Hnf4a) and ectoderm (Sox1) markers in
differentiating lines at gastrulation stage. Results are normalized to the lowest value for

each gene.
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Supplementary Figure 8

Supplementary Figure 8. Percentage expression of positive and negative
predictor genes in reprogrammed lines. Percentage expression of predictive genes
was calculated using highest relative expression for each gene as 100%. Plotted values
were averaged into the average percentage expression of positive and negative

predictors shown in figure 4D and 4E.
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Supplementary Figure 9. ROC curve analysis. A. ROC curve for true positive rate (TPR)
versus false positive rate (FPR). Right y-axis shows color scale for score values with red

representing higher values and blue lower. The curve is colored according to the score. B. Data

used for ROC curve analysis.



Supplementary Table 1. Primers used for candidate gene-based gRT-PCR

Gene Symbol Primer

" Ldhc Mm.PT.51.8763876

S [Kinii3 Mm.PT.51.12521491

% Eif2s3y Mm.PT.51.14046884

o |Krt8 Mm.PT.51.16949649

.g Fgf5 Mm.PT.51.6910518

§ Krt18 Mm.PT.51.6818716
Igfbp3 Mm.PT.51.11473386
Usp18 Mm.PT.51.13216257
Rtp4 Mm.PT.51.7878084
Cxcl5 Mm.PT.51.6756000.9

g Stra8 Mm.PT.51.13386884.gs

o [lfid4 Mm.PT.51.8192586

3 [cxcl3 Mm.PT.51.12834039.q

3 Xafl Mm.PT.51.16665971

= |Mmp9 Mm.PT.51.13590399.gs

S i3 Mm.PT.51.21979271.9

2 it Mm.PT.51.17583238.g
Saa3 Mm.PT.51.17505312.gs
Ifi203 /// LOC100044071|Mm.PT.51.11911455.qg
U90926 Mm.PT.51.5324283




Supplementary Table 2. Panel of cardiogenesis-related genes

ID UniGene Gene Title Gene Entrez Pathway

ID Symbol Gene

1449425 _at Mm.33653 wingless-related MMTV integration site 2 wnt2 22413 Wnt_Signaling // GenMAPP

1448818 _at Mm.28754 wingless-related MMTV integration site Whntb5a 22418

1439373_x_a Mm.§2181 wingless-related MSI\?TV integration site Wnt5b 22419

14507:53_x_a Mm.:?5909 wingless-related Mli\all?l'v integration site 3 wnt3 22415

14367t91_at Mm.218754 wingless-related MMTV integration site Wnt5a 22418

1419301_at Mm.:6755 frizzled homolc?;\4 (Drosophila) Fzd4 14366

1449254 at Mm.28847 secreted phosphoprotein 1 Sppl 20750 TGF_Beta_Signaling_Pathway //
4 GenMAPP

1422213 s_a | Mm.42011 forkhead box H1 Foxh1l 14106

14377t79_at Mm.42011 forkhead box H1 Foxh1l 14106

1422771_at Mm.32575 MAD homolog 6 (Drosophila) Smad6 17130

1422053 _at Mm .13042 inhibin beta-A Inhba 16323

1416081 _at Mm.22371 MAD homolog 1 (Drosophila) Smad1 17125

1426397_at Mm.177234 transforming growth factor, beta receptor Tgfbr2 21813

1459843_s_a Mm.§2371 MAD hom ologlll (Drosophila) Smad1 17125

14482tO8_at Mm.2?2371 MAD homolog 1 (Drosophila) Smad1l 17125

1422754 _at Mm.Z4959 tropomodulin 1 Tmod1 21916 Striated_muscle_contraction //
4 GenMAPP

1424967_x_a | Mm.24747 troponin T2, cardiac Tnnt2 21956

14508;3_3_.3 Mm.£(1)4379 troponin I, skeletal, slow 1 Tnnil 21952

14187;6_3_.3 Mm.24747 troponin T2, cardiac Tnnt2 21956

14206t93_at Mm21103 myomesin 1 Myom1 17929

1448665_at Mm.27560 dystrophin, muscular dystrophy Dmd 13405

1418370_at Mm.1?3992 troponin C, cardiac/slow skeletal Tnncl 21924

1425028_a_a Mml.646 tropomyosin 2, beta Tpm2 22004

14173?07_at Mm.27560 dystrophin, muscular dystrophy Dmd 13405

1452670_at Mm.§7177 myosin, light polypeptide 9, regulatory Myl9 98932 Smooth_muscle_contraction //
0 GenMAPP ///

1416454_s_a | Mm.21302 actin, alpha 2, smooth muscle, aorta Acta2 11475

14277:38_s_a Mm.57353 myosin, light polypeptide 3 Myl3 17897

14549tOG_at Mm.25931 retinoic acid receptor, beta Rarb 218772 Nuclear_Receptors // GenMAPP

1427884 _at Mm.§4955 collagen, type Ill, alpha 1 Col3al 12825 Collagen-related genes

1450857_a_a Mm.§7779 collagen, type |, alpha 2 Colla2 12843

14278;3_a_a Mm.224955 collagen, type lll, alpha 1 Col3al 12825

14231th_at Mm.257779 collagen, type |, alpha 2 Colla2 12843

1446326_at Mm.227779 collagen, type |, alpha 2 Colla2 12843

1416295_a_a Mm.22923 interleukin 2 receptor, gamma chain ll2rg 16186

1455;94_at Mm.27773 collagen, type |, alpha 1 Collal 12842

1423669_at Mm.§7773 collagen, type |, alpha 1 Collal 12842
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1434411 _at Mm.3819 collagen, type XII, alpha 1 Coll2al 12816
1420941 _at Mm.20954 regulator of G-protein signaling 5 Rgs5 19737 Calcium_regulation_in_cardiac_
1417466_at Mm.20954 regulator of G-protein signaling 5 Rgs5 19737 celis/
1422673 _at Mm.13371 protein kinase D1 Prkd1 18760
1447623 _s_a Mm.f3371 protein kinase D1 Prkd1l 18760
14563(t)7_s_a Mm.§8820 adenylate cyclase 7 Adcy7 11513
14564;5_5_& Mm.§7921 protein kinase, cCAMP dependent Prkar2b 19088

t 4 regulatory, type Il beta
1420859_at Mm.3193 protein kinase inhibitor, alpha Pkia 18767
1422208_a_a | Mm.17604 guanine nucleotide binding protein (G Gnb5 14697

t protein), beta 5
1439036_a_a Mm 4550 ATPase, Na+/K+ transporting, beta 1 Atplbl 11931

t polypeptide
1424942_a_a Mm.2444 myelocytomatosis oncogene Myc 17869 Reprogramming/Pluripotency
1429;88_at Mm.47808 Nanog homeobox Nanog 71950
1416967_at Mm.25396 SRY-box containing gene 2 Sox2 20674
1417945_at Mm.17031 | POU domain, class 5, transcription factor Pou5f1 18999
1420085_at Mm.4956 fibroblast gr]c;wth factor 4 Fgf4 14175
1418351_a_a | Mm.89772 DNA methyltransferase 3B Dnmt3b 13436
1424::52_at Mm.25691 sal-like 4 (Drosophila) Sall4 99377
1441914_x_a Mm3947 Fibroblast growth factor 3 Fgf3 14174 Gastrulation
1449;79_3'( Mm.285 kinase insert domain protein receptor Kdr 16542
1421951 _at Mm.4965 LIM homeobox protein 1 Lhx1 16869
1419304_at Mm.913 brachyury T 20997
1417625_s_a Mm.6522 chemokine (C-X-C motif) receptor 7 Cxcr7 12778 Precardiac
14487t10_at Mm.1401 chemokine (C-X-C motif) receptor 4 Cxcr4 12767
1425464 _at Mm.32928 GATA binding protein 6 Gata6 14465
1450723 _at Mm.Z2242 ISL1 transcription factor, Isl1 16392

LIM/homeodomain
1426557_at Mm.1404 mesoderm posterior 1 Mespl 17292
1453351 _at Mm.31452 T-box 20 Thx20 57246
1425158_at Mm.31452 T-box 20 Thx20 57246
1418863 _at Mm.24766 GATA binding protein 4 Gatad 14463
1425995_s_a Mm.§8933 Wilms tumor 1 homolog wtl 22431
14175:25_at Mm21746 heart and neural crest derivatives Hand1 15110
expressed transcript 1

1418910_at Mm.595 bone morphogenetic protein 7 Bmp7 12162
1429524 _at Mm.42019 myosin IF Myo1lf 17916
1420512_at Mm.10359 dickkopf homolog 2 (Xenopus laevis) Dkk2 56811
1421657_a_a Mm.§7910 SRY-box containing gene 17 Sox17 20671 Endoderm
14291;7_x_a Mm.§7910 SRY-box containing gene 17 Sox17 20671

t
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Supplementary Table 3. Differentially expressed transcripts between

undifferentiated 3F- and 4F-iPSC

ProbesetIDs UniGene ID Gene Symbol H9a H9b H9c BLa BLb BlLc logFC adj.P.val

1425137_a_at Mm.88795 H2-Q10 8.29 8.64 8.58 5.08 5.49 5.58 -3.13  3.23E-11
1428750_at Mm.195932 Cdc42ep2 10.15 9.98 9.85 6.91 7.04 6.74 -3.10 1.62E-11
1416561 _at Mm.272120 Gadl 8.19 8.30 8.29 5.51 5.96 4.63 -290 1.03E-08
1420647_a_at Mm.358618 Krt8 12.84 10.86 10.76 8.83 8.32 8.82 -2.83  3.70E-06
1436419 a_at Mm.372315 1700097NO2Rik | 13.06 12.98 13.07 | 10.37 10.90 9.41 -2.81  4.52E-08
1435989 x_at Mm.358618 Krt8 12.63 10.76 10.66 8.64 8.48 8.57 -2.79  2.25E-06
1423323_at Mm.439913 Tacstd2 7.23 6.47 7.23 3.92 4.17 4.50 -2.78  2.63E-09
1423691_x_at Mm.358618 Krt8 12.68 10.64 10.61 8.57 8.51 8.52 -2.78  4.02E-06
1423062_at Mm.29254 Igfbp3 11.69 10.22 10.69 7.77 8.10 8.57 -2.72  2.45E-07
1455692_x_at Mm.372315 1700097NO2Rik | 12.90 12.66 12.79 | 10.22 10.85 9.24 -2.68  2.16E-07
1417156_at Mm.439699 Krt19 9.93 8.28 8.40 6.40 6.19 6.04 -2.66  6.86E-07
1449335_at Mm.4871 Timp3 11.65 11.14 12.47 9.83 8.48 9.16 -2.60 1.15E-06
1438883_at Mm.5055 Fgf5 8.60 8.45 8.66 5.67 5.91 6.37 -259  1.43E-09
1439483_at AI506816 8.42 8.16 8.53 6.10 5.49 5.89 -2.54  1.45E-09
1448194 _a_at Mm.14802 H19 10.77 10.50 10.68 8.85 7.26 8.25 -2.53  4.19E-07
1458268_s_at Mm.29254 Igfbp3 10.49 9.06 9.49 7.12 7.20 7.32 -2.47  2.68E-07
1419089_at Mm.4871 Timp3 10.69 9.90 1111 8.67 7.45 8.22 -245  1.13E-06
1424885_at Mm.39723 Klhdc8a 8.35 7.89 8.70 6.27 5.32 6.22 -2.37  2.16E-07
1422520_at Mm.390700 Nefm 7.91 8.01 8.45 5.49 5.88 6.03 -2.32  9.38E-09
1427183_at Mm.44176 Efempl 8.69 7.90 9.24 6.51 6.07 6.30 -2.31  4.38E-07
1435494 _s_at Mm.355327 Dsp 11.52 9.98 10.39 8.65 8.00 8.42 -2.27  2.67E-06
1448416_at Mm.243085 Mgp 8.38 9.22 10.55 6.97 7.04 7.39 -2.25  2.78E-05
1435493_at Mm.355327 Dsp 11.67 10.23 10.68 9.06 8.24 8.63 -2.22  3.15E-06
1420467 _at Mm.34201 Psorsilc2 9.48 9.24 9.56 7.28 7.31 7.03 -2.22  3.22E-09
1434353_at Mm.329991 Sfmbt2 10.39 9.86 9.99 8.74 7.60 7.28 -2.20 2.61E-06
1437967_at Mm.26579 Ccdc141 8.08 8.22 7.70 6.42 6.00 5.01 -2.19  1.70E-06
1416242_at Mm.224306 KIhi13 10.01 9.91 9.83 8.02 7.81 7.34 -2.19  1.46E-08
1421144 _at Mm.21662 Rpgripl 12.04 1224 11.86 | 10.66 9.60 9.33 -2.18  1.19E-06
1449334 _at Mm.4871 Timp3 10.55 9.80 10.87 8.51 7.95 8.27 -2.16  4.10E-07
1424186_at Mm.181074 Ccdc80 12.15 1156 12.60 | 10.41 9.67 9.78 -2.15  6.37E-07
1424131 _at Mm.7562 Col6a3 10.57 10.64 11.45 9.59 8.17 8.54 -2.12  7.90E-06
1448169_at Mm.22479 Krt18 10.38 8.64 8.43 7.12 7.00 7.01 -2.10  4.35E-05
1427492 _at Mm.34964 Poflb 7.81 8.18 8.06 6.75 5.69 5.33 -2.09  2.79E-06
1415846_a_at Mm.16563 Ldhc 6.74 6.52 5.92 4.60 4.17 4.19 -2.07  1.85E-07
1435420_at Mm.333189 Slc4a5 6.49 6.83 5.80 4.53 457 3.81 -2.07  1.32E-06
1415824 _at Mm.479161 Scd2 7.98 8.37 8.17 6.14 6.18 6.07 -2.04  9.70E-09
1417210 _at Mm.250909 Eif2s3y 11.26 11.32 11.27 9.61 9.04 9.08 -2.04  2.98E-08
1433474 _at Mm.125580 Edil3 6.18 6.67 7.81 5.34 4.40 4.83 -2.03  2.56E-05
1426852_x_at Mm.5167 Nov 8.38 7.79 8.53 6.41 5.83 6.38 -2.02  3.04E-07
1429274 _at Mm.41381 Lypd6b 7.73 7.87 7.65 5.67 5.66 5.90 -2.00 1.02E-08
1419729 _at Mm.134024  Tex1l 5.18 5.00 4.79 6.82 7.13 7.01 2.00 1.92E-08
1449590 _a_at Mm.2045 Mras 7.21 7.25 7.07 9.10 9.33 9.16 2.02  8.42E-09
1419417_at Mm.1402 Vegfc 8.05 7.74 7.87 | 10.12 9.85 9.79 2.03 1.28E-08
1424045_at Mm.46654 5730437N04Rik 7.87 7.99 8.03 9.37 10.28 10.40 2.05 4.52E-07




1456768_a_at
1448291 _at
1440739 _at
1429177 _x_at
1439759 _x_at
1460667_at
1417256_at
1436291 _a_at
1437479 _x_at
1423232_at
1452614 _at

1451567_a_at
1423582_at
1448029 _at
1419728_at
1449025_at
1418110_a_at
1423555 _a_at
1434528_at
1418837_at
1451411 _at
1418395_at
1438148_at
1434917_at
1450826_a_at
1437019_at
1439059 _at
1420568_at
1429377 _at
1456242 _at
1425764_a_at
1443621 _at
1418191 _at
1437054_x_at
1418580 _at
1439379 x_at
1450783_at
1432198 at

Mm.272673
Mm.4406
Mm.1402
Mm.279103
Mm.45514
Mm.2548
Mm.5022
Mm.275974
Mm.219139
Mm.5025
Mm.297245

Mm.472787
Mm.391208
Mm.219139
Mm.4660
Mm.426079
Mm.15105
Mm.30756
Mm.24204
Mm.26928
Mm.103439
Mm.100741
Mm.244289
Mm.22847
Mm.14277
Mm.27156
Mm.260106
Mm.5171
Mm.479859
Mm.45676
Mm.24210
Mm.291131
Mm.326911
Mm.42733
Mm.475107
Mm.42733
Mm.439751

Mmrn2
Mmp9
Vegfc
Sox17
Sultébl
U90926
Mmp1l3
Dpys
Thx3
Etv4

Bcl2l15
Ifi203 /1
LOC100044071

Dmrtl
Thx3
Cxcl5
Ifit3
Inpp5d
Ifi44
Aard
Qprt
Gprc5b
Slc47al
Cxcl3
Cobl
Saa3
2200001115Rik
Fam199x
Stra8
2410004A20Rik
Gm7325
Bcat2
Xafl
Uspl8
Prm1
Rtp4
Prm1
Ifitl

6.11
6.44
7.73
4.40
5.16
8.23
9.34
4.67
5.53
7.02
6.50

4.08
7.97
7.39
7.59
5.81
7.00
4.73
8.09
6.42
5.72
6.36
411
7.89
7.90
9.31
4.06
6.52
6.36
9.54
6.22
5.22
6.67
3.51
7.09
3.37
4.96
4.54

6.26
5.80
7.45
4.83
5.15
7.41
9.21
4.44
6.25
7.08
5.32

4.50
8.12
7.58
7.82
5.64
7.04
4.52
8.45
6.53
5.44
6.60
3.91
7.96
7.93
9.14
411
6.46
6.86
9.49
6.01
5.05
5.95
3.40
6.99
3.49
5.16
4.69

6.26
5.89
7.48
4.56
4.92
7.83
10.76
4.01
571
7.14
5.64

4.58
7.86
7.24
8.49
5.88
6.92
4.46
8.00
6.59
5.05
6.32
4.00
7.61
8.59
8.53
3.93
6.11
6.39
8.46
5.73
5.04
6.29
3.49
7.29
3.50
4.86
4.58

8.38
8.51
9.87
6.35
6.80
10.17
12.32
6.13
7.95
9.44
7.62

7.27
9.95
9.91
10.73
8.35
9.87
7.29
10.53
8.80
7.89
9.03
7.88
10.87
11.67
11.46
7.31
9.13
9.62
12.47
9.15
9.17
10.47
7.48
11.45
7.55
9.84
8.80

8.20
7.92
9.61
6.69
6.80
9.07
11.26
6.68
8.31
9.43
7.39

6.07
10.23
10.01

9.57

8.45

9.43

7.33
10.62

9.28

8.00

8.98

5.66
10.92
11.25
12.09

6.83

8.94
10.12
12.68

9.83

8.96

9.99

7.80
11.21

7.81

8.75

8.93

8.21
7.88
9.36
6.98
7.89
10.54
12.06
6.72
7.81
8.96
9.08

6.53
10.66
9.50
10.84
8.03
9.22
6.70
11.05
9.11
8.17
9.16
6.92
10.12
10.16
12.15
7.09
10.18
9.45
12.66
9.63
7.97
9.64
7.07
10.82
7.45
8.87
8.89

2.05
2.06
2.06
2.08
2.09
2.10
2.11
2.14
2.19
2.20
221

2.23
2.30
2.40
241
2.50
2.52
2.54
2.55
2.55
2.62
2.63
2.81
2.82
2.88
291
3.04
3.05
3.19
3.44
3.54
3.60
3.73
3.98
4.04
4.15
4.16
4.28

5.81E-09
2.16E-07
1.92E-08
4.52E-08
8.23E-07
7.37E-06
2.70E-05
8.76E-08
4.52E-08
6.10E-09
2.99E-05

4.21E-07
9.00E-09
2.17E-09
1.03E-06
6.82E-10
1.43E-09
1.79E-09
1.45E-09
4.88E-10
1.11E-09
1.50E-10
1.87E-06
1.43E-09
1.39E-07
2.15E-09
2.98E-11
6.10E-09
1.17E-10
3.40E-10
1.72E-11
2.39E-10
3.23E-11
1.08E-12
8.23E-13
1.03E-13
1.62E-11
5.04E-14




